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TRANSMISSION APPARATUS AND METHOD OF SIGNAL-POINT GENERATION 



A modem connected to a radio which compen- 
sates for the characteristics of the radio side to make 
them suitable for data transmission without changing 
the characteristics of the radio and thereby increase the 
transmission speed. Therefore, a transmission side mo- 
dem is provided with a deemphasis filter for compensat- 
ing for the characteristics of a preemphasis filter of the 
radio transmitter, and a receiving side modem is provid- 



ed with an emphasis filter for compensating for the char- 
acteristics of the deemphasis filter of the radio receiver 
so as to compensate for the characteristics of the radio. 

Further, in the signal constellation when selecting a sig- 
nal point of input data, redundantsignal points are add- 
ed to the outside of the constellation to enable emphasis 
of the in-phase components of the preceding and suc- 
ceeding signal points. 
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Description 

TECHNICAL FIELD 

[0001 ] The present invention relates to a transmission 5 
apparatus and a method of signal-point generation suit- 
able for use in such a transmission apparatus, more par- 
ticularly relates to a transmission apparatus and a meth- 
od of signaUpoint generation suitable for high speed 
transmission of data throunh p narr«», ko«^ ^^^^^ 
mission path. 

BACKGROUND ART 



[0002] In fo' example today's waten/vorks. electric is 
power business and public uliimes. monitoring of the 
level of rivers or the intakes of dams .s osscnt.al For 
this monitoring usually romolo moniiorng emoloying an 
optical fiber a- n irnnsmission hno is used If hh opiiCHl 
fiber is used r-.b Urin^mi^^ on l.ne. howcvei ihcie is a ^0 
possibility of d sconreciion of the Iransmissicn lino due 
tosome reason or rtnoihcr If this Happens rcmoic mon- 
itoring becomes d.sablcd and there Ccin bo rcm,irkablc 
harm to the public 

[0003] Thcroforc as a backup for when trnncmis- 
sion line is discornoctod ir iho aoovo wny the pfact.cc 
has been to switch lo omorgercy jsc r ad.o tM-isn.ss.on 
to continue with the romoie moniforing m rrHnRm.<;!.,on 
of data by such omergoncy use radio Iransmusii.m how 
ever, the speed o' data transmission is currently m^.niy jo 
1200 bps. Only recently has data transmission of 4800 
bps become possible 

[0004] In view of this situation ri ,5 crtrcmciy diff cuO 
to use radio transmission to back up video OhIh or aud.o 
data cun-ontly iransmiiiod over an odIichI l.bcr For suf- Js 
ficient backup it ,s necessary tc roah/c h r«d.c trans- 
mission apparatus able lo secure a speed of daln trans- 
mission of over 4300 bps that is of at least 96C0 bps 
[0005] When irymg 10 reali/e such a radio transmis- 
sion apparatus there is another difiCLlt problem how- 40 
ever. NonTially such a radio transmission apparalts is 
comprised of a pair of a radio transmitter and a modem 
transmitter at the transmitting siao and a pair of a radio 
receiver and modem receiver at the receiving side 
There are rosinciions on radio device pans cue to var- 45 
lous regulations, however, so those pars cannot be 
freely reconfigured. This is the above other difficult prob- 
lem. Therefore, whether an over 9600 bps radio trans- 
mission apparatus can be realized or not depends on 
the perfomiance of the modem parts. so 
[0006] If trying to realize a radio transmission system 
having a desired data transmission speed of over 9600 
bps using a general V.29 modem, as explained in detail 
later, a sufficient operating margin as required by regu- 
lations cannot be secured. Considering the reduction in ss 
the operating margin due to fading etc.. there is the prob- 
lem that a practical radio transmission apparatus cannot 
be realized. 



DISCLOSURE OF THE INVENTION 

[0007] The present invention has as its object in view 
of the above problems, the provision of a transmission 
apparatus (mainly modem) able to secure a sufficient 
operating margin and a method of signal-point genera- 
tion using this transmission apparatus to increase the 
operating margin. 

[0008] To achieve this object, the present invention 

(i) matches the center frequency of the carrier of the 
modem with the center frequency of the carrier of 
the radio to optimize the earner frequency. 

(ii) mounting In the modem transmitter and receiver 
a deemphasis filter and emphasis filter giving In- 
verse characteristics to the characteristics of a 
preemphasis filter and deemphasis filter provided 
in the radio transmitter and receiver to suppress 
nonlinear distortion, and 

(III) employing a signal constellation of a total of 24 
values different from the V.29 signal constellation 
and generating signal points so as to give redun- 
dancy to the signal points disposed at the outside 
and so as not to give redundancy to the signal points 
disposed at the inside and thereby reduce the peak 
factor and improve the S/N error rate. 

The transmission apparatus of the present in- 
vention need only satisfy just one of the above (i) 
(11). and (iii). but it is most preferable that all of these 
three items be satisfied. 

(iv) Further, it is preferable that vector multiplication 
be applied to a transmitting baseband signal to con- 
centrate the transmission energy in a lower band 
and that vector multiplication be applied to a re- 
ceived baseband signal to return the energy shifted ^ 
to the lower band at the transmitting side to the orig- 
inal spectrum. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0009] 

Figure 1 is a view of the basic configuration of a 
transmission system according to the present in- 
vention, 

Fig. 2 is a view of the specific configuration of a mo- 
dem transmitter shown in Fig. 1 , 
Fig. 3 is a view of the specific configuration of a mo- 
dem receiver shown in Fig. 1 , 
Fig. 4 is a view of the specific configuration of a con- 
ventional modem transmitter, 

Fig. 5 is a view of the specific configuration of a con- 
ventional modem receiver, 

Figs. 6a and 6b are wavefonn diagrams for explain- 
ing the improvement of a peak factor, 
Fig. 7 is a view of the specific configuration of a sig- 
nal point generating circuit in Fig. 2. 
Fig. 8 is a view of an eye pattern of a signal constel- 
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lation employed in the present invention, 
Fig. 9 is a view of a conventional signal constella- 
tion, 

Fig. 10 is a view of examples of numerical values 
for explaining the method of selection of a signal 
point according to the present invention, 
Fig. 11 is a view of the spectrum in the state of in- 
crease of the energy near the carrier frequency 
Fig. 1 2 is a view of the spectrum after the spectrum 
of Fig. 11 passes through a filter (DE) 29, 
Fig. 1 3 is a view of an example of a frequency shift- 
er, 

Fig. 14 Is a view of the spectrum in the case of a 
frequency shift perfonned on the spectrum of Fig. 

11. 

Fig. 1 5 is a view of the spectrum when the frequency 
shifted signal passes through the filter 29, 
Fig. 16 is a view of the characteristics of a deem- 
phasis filler and an emphasis filler in the modem of 
the present invention, 

Fig. 17 is a view for explaining the optimization of a 
carrier frequency according to the present inven- 
tion. 

Fig. 18 is a view of the degree of improvement due 
to the present invention, 

Fig. 1 9 is a view of a general remote monitoring sys- 
tem as an example to which the present invention 
may be applied, 

Fig. 20 is a view of a general radio transmission sys- 
tem. 

Fig. 21 is a view of the filter characteristics of a 
preemphasis filter and deemphasis filter, and 
Fig. 22 is a view for explaining the performance 
sought in a conventional radio transmission system. 

BEST MODE FOR WORKING THE INVENTION 

[0010] To clarify the effects rendered by the present 
invention, first a general transmission apparatus to 
which the present invention is not applied will be ex- 
plained. 

[0011] Figure 19 is a view of a general remote moni- 
toring system of an example to which the present inven- 
tion can be applied. In particular it shows a dam moni- 
toring system. 

[0012] This dam monitoring system is comprised of a 
remote terminal having a camera for monitoring a re- 
mote dam, a monitoring center for receiving the video 
data or audio data obtained by the remote terminal, and 
a transmission path connecting the remote terminal and 
the monitoring center 

[0013] The transmission path sends a moving image 
or other monitoring infonmation from the remote terminal 
to the monitoring center, but normally an optical fiber is 
used as the transmission path. Transmission apparatus- 
es are provided at the two ends of the optical fiber for 
transmission of the monitoring information. 
[0014] If an optical fiber is used, a large amount of 



data can be easily transmitted, but there is a shortcom-- 
ing of an ease of disconnection due to some reason or 
another (shown by x mark in the figure). Therefore, 
when such a disconnection occurs, the system is 
5 switched to a radio transmission path for continuation of 
the transmission of data. Therefore, radio transmission 
apparatuses are provided at the two ends of the radio 
transmission path. The present invention relates to a 
modem comprising part of such a radio transmission ap- 
10 paratus. The following explanation will be given taking 
as an example a modem comprising part of such a radio 
transmission apparatus. The idea of the present inven- 
tion, however can be applied to other transmission ap- 
paratuses as well, for example, transmission apparatus- 
es es provided with CATV modems or can be applied to 
various modems such as modems built into DVD appa- 
ratuses. 

[0015] Figure 20 is a view of a general radio transmis- 
sion system. 

20 [0016] rn the figure, 1T indicates a radio transmitter 
("T" indicates a transmitter), 1 R a radio receiver, and 3 
a transmission path (radio) connecting the two. 
[0017] The radio transmitter IT comprises a preem- 
phasis filter 11 for reducing the noise in the higher band 

25 of the input analog transmission signal (modem signal), 
a limiter 1 2 for limiting the radio power in the airto within 
regulations, and an FM demodulator 13 for transmitting 
the input analog signal to the transmission path 3 by ra- 
dio. 

30 [0018] On the other hand, the radio receiver 1 R com- 
prises an FM demodulator 31 for demodulating an FM 
modulated and transmitted signal and a deemphasis fil- 
ter 32 applying inverse filter characteristics to an analog 
signal preemphasized at the transmitting side to restore 

35 the original analog received signal (modem signal). 
[0019] Figure 21 is a view of the filter characteristics 
of the preemphasis filter and deemphasis filter 
[0020] As shown in the figure, the preemphasis filter 
1 1 of the transmitting side acts to pull up the higher band 

40 side of the analog signal to be sent (curve <11> in the 
figure). On the other hand, the deemphasis filter 32 on 
receiving side acts to apply characteristics Inverse to the 
characteristics shown by the above curve <11> to the 
received analog signal (curve <32> in the figure). The 

45 preemphaisis is given in advance at the transmitting side 
because general radios are designed to particulariy 
match with voice analog signals. That is, they are con- 
figured to compensate for characteristics distinctive to 
the voice band, that Is, the peaking at about 1 kHz and 

50 the rapid drop in the level the further higher the band. 
[0021] When such a conventional radio (IT, 1 R) is built 
into a transmission apparatus at the radio side shown 
in Fig. 1 9, a modem transmitter is connected to the input 
side of the radio transmitter 1T and a modem receiver 

55 Is connected to the output side of the radio receiver 1 R 
to enable the transmission of data between the monitor- 
ing center and a remote terminal. 
[0022] The characteristics of such a conventional 
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transmission apparatus will be considered in detail be- 

[0023] Considering the features of the radios (1 T, 1 R) 
first, since use is made of the 2700 Hz band of 0 3 
to 3 0 kHz as the transmission band, use is made of a 5 
band narrower than the voice band of 0.3 to 3 4 kHz in 
telephone lines and the like (see Fig 21 ) 

the preemphasis 

filter 1 1 and the deemphasis filter 32 are built in There- 
fore, the frequency characteristic^ of the analog signals io 
m the radios (IT. 1R) are not flat as will be clear from 
Fig. 21 . Such not flat frequency characteristics are op- 
timal for transmitting an analog signal of voice etc by a 
high quality. They are not suitable however for transmis- 
sion of video data, audio data, or other data through a is 
modem. The reason is that high quality data transmis- 
sion requires flat frequency characteristics. In the end 
the above-mentioned preemphasis filter characteristic^ 
distinctive 10 the radio transmiiier 1 T become an obsta- 
cle to the desired data transmission. so 
[0025] Third, a look at the limiter 1 2 on the transmis- 
sion side shown in Fig. 20, the limiter 12. as explained 
above, IS a component for limiting the radio power in the 
air to within regulations. Due to tho limiting action of the 
limiter 12, however, faithful transmission of the wave- 2s 
form ends up being inhibited. 

[0026] Further, considering the above first feature the 
transmission band of the radios (IT 1R) is 2700 Hz 
With the current V.29 modems, however, 2760 Hz is 
considered necessary as the transmission band (in the 3o 
case of a roll-off rate of 1 5%, 2760 Hz (= 2400 x 1 i s)) 

'^'^"'"^ transmission band of a modem 
(2760 Hz) ends up exceeding the transmission band dis- 
tinctive to radios (2700 Hz). 

[0027] Further considering the above second feature 35 
as explained above, there is poor compatibility between 
modems where flat frequency characteristics are re- 
quired and radios (1T 1R) which inherently have em- 
phasized not flat frequency characteristics. 
[0028] Further considering the above third feature 4o 
due to the limiting action of the above limiter 12 and with 
the addition of the action of the above preemphasis 
even if trying to make the level of transmission input from 
the modem transmitter to the radio (IT) higher due to 
the limiting action and the preemphasis action the 45 
transmission level from the radio transmitter IT be- 
comes saturated and distortion ends up occurring in the 
transmission output signal. As a result, data error easilv 
occurs. ' 

[0029] Note that the distortion of the above transmis- so 
sion output signal changes in degree depending on the 
frequency. Further, the distortion of the transmission 
output signal becomes larger the larger the peak factor 
of the transmission input signal from the modem trans- 
mitter. 

[0030] On the other hand, looking at the case where 
he level of the transmission input from the modem 
transmitter to the radio (IT) falls, the S/N ratio of the 



transmission signal on the radio transmission path 3 de- 
tenorates. Therefore, in this case as well, data error eas- 
ily occurs. 

[0031] In the end, to suppress the generation of such 

T .1"°';!! f^at the above transmission 

input level be in a certain specific region 

[0032] Due to the above various factors, even if at- 
tempting to realize a radio transmission system having 
a data transmission speed of over the desired 9600 bos 
using a V.29 modem, it was judged that a sufficient op- 
erating margin could not be secured 
[0033] Figure 22 is a view for explaining the perfomi- 
an^e sought in a conventional radio transmission sys- 

[0034] In the figure, the top section shows the data 
transmsslon speed. "1 200 bps" is the current maximum 
data transmission speed, while •V.29 9600 bps" is the 
data transmission speed to be realized using a V 29 mo- 
dem. The leftmost column in the figure shows the pa- 
rameters defined by government regulations (for exam- 
ple the regulations set by the Ministry of Construction 
in Japan). 

"Fixed deterioration" is the extent of deterioration 
for each transmission apparatus; ■ 
"Maintenance" is the degree of deviation from var- 
ious settings established when installing a modem 
Fading" is the degree of loss when fading occurs' 
in a transmission path of 30 km length 
"Linearity" is the extent of linearity between the data 
input at the transmitting side and the data output at 
the receiving side. 

"Peak factor" is the extent of the peak level with re- 
spect to the average level of the transmission sig- 
nal, " 

"Difference in gain over frequency" is the difference 
in gam when reducing the level by an amount to 
avoid the output becoming saturated due to raising 
the high band by using the preerhphasis filter. 
■Required S/N" is the S/N ratio for preventing data 

"Margin" is the above-mentioned operating margin 
This IS the value obtained by subtracting the total of 
the values (dB) imposed ori the above parameter 
from the total value according to regulations (41 5 
dB). Under the current 1200 bps. a 3.3 dB margin 
can be secured, but when using a V.29 9600 bps 
modem, the margin becomes -4.5 dB and a minus 
margin results. The technique of the present inven- 
tion for converting this mihus margin to a plus mar- 
gin will be explained in detail below. The technique 
of the present invention in principle does not make 
any design changes on the radios (IT 1R) them- 
selves, but realizes the plus margin and enables 
high speed data transmission of over 9600 bps by 
improving the modem transmitter and the modem 
receiver only. 
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[0035] The above improvements are as follows: 

(i) Optimization of the carrier frequency 

(ii) Mounting of an emphasis filter and deemphasis 

filter 

(ill) Improvement of the peak factor and improve- 
ment of the S/N error rate by employing a new meth- 
od for signal-point generation in a modem 
(iv) Applying vector multiplication to a transmitting 
baseband signal to concentrate the transmission 
energy to the lower band and applying vector mul- 
tiplication to the received baseband signal to re- 
store the energy shifted to the lower band at the 
transmitting side to the original spectrum. 

[0036] Looking at the above (i), in the present Inven- 
tion, the carrier frequency of the modem Is moved to 
match with the carrier frequency of the radio. Due to this, 
the transmission energy on Ihe radio transmission line 
3 is made to move to the center of the transmission band 
of the radio transmission line. As a specific example, 
while the carrier frequency (center frequency) of a gen- 
eral V.29 modem is set to 1700 Hz. this is changed to 
1650 Hz in the modem of the present invention. 1650 
Hz is the carrier frequency normally set for a radio. 
[0037] Looking at the above (ii), in the present inven- 
tion, the modem transmitter is provided with a deempha- 
sis filter having filter characteristics inverse with the 
preemphasis filter 1 1 distinctive to the radio transmitter. 
Further, the modem transmitter is provided with an em- 
phasis filter having filter characteristics inverse to the 
deemphasis filter 32 distinctive to the radio receiver. In 
this case, it is preferable to have the inverse filter char- 
acteristics appear only for the high band of over a pre- 
determined frequency and to give flat characteristics in 
the low band below that predetermined frequency (see 
later explained Fig. 16). 

[0038] By this approach, the frequency characteris- 
tics of the transmission signal output from the radio (IT) 
become flat and the transmission input level can be 
maximized. 

[0039] Looking at the above (iii), in the present inven- 
tion, to reduce the already explained peak factor first 
redundancy is given to the transmission signal points on 
the signal constellation coordinate system, when deter- 
mining the signal point to be transmitted, the signal point 
giving the smallest amount of deviation with respect lo 
the signal point sent immediately before is made the sig- 
nal point to be transmitted from there (see Fig. 8). 
[0040] Due to this, it is possible to prevent the ampli- 
tude of the transmission input signal from the modem to 
the radio (IT) from becoming saturated and as a result 
the upper limit of the level of the transmission input sig- 
nal can be maximized. 

[0041] Explaining this in further detail, the number of 
signal points is Increased from the past on the signal 
constellation coordinate system and redundancy Is giv- 
en to the signal points. 



[0042] In this case, the above redundancy is given to 
the plurality of signal points at coordinates away from 
the origin of the coordinate system, that is, at the out- 
side, among a set of signal points in the signal constel- 
5 lation coordinate system. This is because the outside 
signal points have larger peak values and energy values 
and have large effects on the reduction of the peak fac- 
tor. Due to this, the redundancy to be added is kept to 
a minimum and the peak factor can be minimized. 
10 [0043] Further, in the above case, the average energy 
of the outside signal points falls, so the above-men- 
tioned S/N error rate can also be improved. 
[0044] Further looking at the above (iv), in the present 
invention, in relation to the above (iii), the in-phase corn- 
's ponents are emphasized. By doing this, the energy near 
the carrier frequency ends up being increased. If a sig- 
nal is passed through the deemphasis filter 29 with the 
energy increased as It is, part of the output signal from 
the filler 29 will be removed and the energy of the output 
20 signal will end up falling. Therefore, the signal is shifted 
to the lower band to prevent a reduction in this energy 
as much as possible. 

[0045] Below, an explanation will be given of the spe- 
cific configuration of the present invention. 

25 [0046] Figure 1 is a view of the basic configuration of 
a transmission system based on the present invention. 
Note that similar components are assigned the same 
reference numerals or symbols throughout the figures. 
[0047] In the figure, 5 is a transmission system ac- 

30 cording to the present invention. Referring to Fig. 19. 
the transmission data TO from the remote terminal is 
given through the transmission system 5 as received da- 
ta RD to the monitoring center 

[0048] The already explained modem transmitter and 
35 modem receiver are shown by reference numerals 2T 
and 2R in Fig. 1 . These modem transmitter and receiver 
2T and 2R and radio transmitter and receiver 1T and 1 R 
are expressed by the six functional blocks I to VI . Among 
these, the functional block 111 forming the radio transmit- 
40 ter IT of the transmitting side and the functional block 
IV forming the radio receiver 1 R of the receiving side 
facing it through the transmission path 3 are completely 
the same as the configurations shown In Fig. 20. No 
changes are made in the present Invention to the radios 

45 (1T, 1R). 

[0049] The modem transmitter 2T according to the 
present invention is comprised of the functional blocks 
I and II. The functional block I is a coding unit and codes 
the input transmission data TD. The encoded data is in- 

50 put to the modulation/deemphasis processor shown as 
the functional block II where it is modulated and deem- 
phasized and becomes the transmission input signal to 
the radio transmitter 1T. The functional block III forming 
the radio transmitter IT preemphasizes (11) the trans- 

55 mission input signal, limits the signal level by the limiter 
(12), then performs FM modulation (13) and sends the 
result to the receiving side. 

[0050] The functional block IV forming the radio re- 
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ceiver 1 R of the receiving side demodules the received 
signal by FM demodulation (31), deemphasi^esT(32) 
So^i'?^ xV'f '° '''' receiver 2R ^ 

ceiver 2R emphasizes the output signal from the radio 
receiver 1 R. demodules it. then decodes it inThe dJco^° 

fSc Jiif ' 1 are radios 

for transmitting and receiving a voice signal. Therefore 

fonlTT '"^ ^^'"Pf'^sis are perfom,ed ' 
[0053] Figure 2 is a view of the specific configuration 
of the modem transmitter shown in Fig 1 
10054] In the figure, the modem transmitter 2T is com- 
r^T. J <^^'=') 21 for randomizing ZZ 

a remote temiinal. a gray/natural converter (G/N) 22 for 

fAoIS? ' '.7'°'' '° ' - a'^'^e cifcuit 

;?eT« thitfh ^'"'^ °' '^^ ^'S"^' (considering 

the fact mat the absolute phase on the line is unstable 

and enabnng reading of the signal by the relativeXe 
fSPG, ^^'^^^^ « Signal-point generating circuj 

fZT I '^'^'^""3 °"'P^"'"9 Signal point 
correspondrng to a for example 4-bit output from tie 
adder circuit 23 from the plurality of signal points " 
quency movement circuit (ROT) 25 for frequency rota- 
tion explained later, a roll-off filter (ROF) 26 for wave 
shaping the output signal from the frequency movement 

rilTbv^h ' " ^"^^^^ moduJing the ca" 

ator (CRR) 28 for generating a carrier (1650 Hz) and 

(DB 29^o;°df ^"^ ^ ^--P^asJ fS 

(DE) 29 for deemphasizing the output signal from the 
modulator 27. The output of the filter 29 become^ the 

mSenT"^""'^^^" *° f^ans- 

f^ft? ^ , Jf"® frequency movement Circuit 25 is provided 
for the following reasons. As explained above by em 
phasizing the ,n-phase components, the ene gy near 
the earner frequency ends up increasing, but if pLsfna 
the signal through the deemphasis filter 29 with thJTn 

mfrSTt " "■'^'^ °' °^^P"» ^'9"al from the 
filter 29 will end up being removed and the energy of the 
output signal will end up falling, so to prevent such a 
reduction in the energy as much as possible tt is nL 
erable to shift the signal to the lowe^banS TheXe' 
he freq uency movement circuit 25 is introduced 
[0056] Figure 3 is a view of the specific configuration 
of the modem receiver shown in Fig. i 
[00571 In the figure; the modem receiver 2R is com- 
pnsed of an emphasis filter (EMP) 41 receiving the re- 
ceived input signal Sr input from the radio receiver 1 R 
and applying filter characteristics inverse to the charac 
tenstK:s of the deemphasis filter 22 of the receiver 1 R 
a demodulator (DEM) 42 for demodulating the outpui 
signal from the filter 41 by a predetemiined carrier a 

n^^'nl^TnT [''"''^ ^^"^-^'"9 a carrier 

(1650 Hz) and applying ,t to the demodulator 42, a roll- 
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offf ter (ROF) 44 for wave shaping the demodulated 
ou^ut signal, an automatic gain controller (AGC) 4!^ 
hoWing the level of the output signal from the filter Si 
constant, an automatic equalizer (EQL) 46 apZno 
^ processing to the output signal from the AGC 45 to To 
press inter-symbol interference, an inverse frequen ' 

movement Circuit (inverse ROT) 47 for frequeni movZ 
ment inverse ,0 the frequency movement at the ROT 25 

fCAPr^^o ?' "^^ ^"'"'"atic phase control circuit 
(CAPC) 49 for controlling the earner phase of a siana 
after adding the inverse frequency movement a 24^ 
ue decision circuit {24-value DEC) 49 for receivina as 
input an output signal of the CAPC 49 and Sina 
«;fi'/'9"alpointtoselecfasreceiveddatafroma^^^^^^^^^ 

TsultscT ^'3- ' ^"^^^actor circ^rt 

(SUB) 50 for perfomiing an invei^e operation to the 
adder circu,t23 of the transmitting side on the for exam 
pie 4-b,t output from the DEC 49. an N/G converter 51 
for perfomiing natura.gray conversion inverse to ^ 
N converter 22 of the transmitting side on the output si^ 
nal of the SUB 50. and a descrambler (DSCR) 52 for 
applying the inverse operation to the scrambler21 oM^e 
transmuting side on the output signal after N/G conver 
^5 sion.TheoutputofthedescrambIer52becomesthere - 

" " ^-^'-^ - -mpiTrr: 
^ Ta^ivrratid™^^^^^^^^^ 

of . ."^^"^ t'^- ^ ^ °^ ^^"^ specific configuration 
of a conventional modem receiver. aurduon 

rjlrif^^'^^""^ 2 ^"'^ ^'3- 4. the features of 
the modem transmitter 2T according to the present in 

- ZT^Tfi^r^rr- ^'"^ ^^^^ 

H^. 3 and Fig. S. the features of the modem receiver 
2R^accord,ng to the present invention become much 

[0060] Note that the final block (LEQ) 33 in Fiq 4 is a 

fer PT ,^^°":P^""9 the conventional modem transmit- 
ter 2T (Fig. 4) and the modem transmitter 2T of The 
present invention shown in Fig. 2. the model transmitter 

4^ thl fl '° '"^«"«°" provided S 

the frequency movement circuit (ROT) 25. whileThe 
conventional modem transmitter 2T does not rmlv ' 
configuration corresponding to the ROT25. Furthe the 
frequency of the carrier signal generated by the camer 

- ac^So r ^'^''"^ """''^ the trHns^tt 
accord ng to the present invention (1650 Hz) and the 
transmitter of a V.29 modem (1 700 Hz). Further in the 
modem transmitter according to the prison, invention 

er^^wK r?"" P^"*^"** ^"'^ a deemphasis f^' " 

ter 29. while there is no filter corresponding to this at the 
55 conventional modem transmitter '"'s at the 

fSr2RSr.rT.'"^ conventional modem 
receiver2R (Fig. 5) and the modem receiver 2R acrorri 

.ngto the present invention shown in Fig. 3. the modi' 
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receiver 2R according to the present Invention differs 
from the conventional nnodem receiver 2R. in that the in- 
put side of the analog signal is provided with an empha- 
sis filter (EMP) 41, the frequency of the carrier signal 
generated by the carrier generating circuit (CRR) differs 
from that of the V.29 modem (1650 Hz/I 700 Hz), and 
an inverse frequency movement circuit (inverse ROT) 
47 is provided. 

[0063] As explained previously, in the present inven- 
tion, three improvements (i). (ii), and (iii) are aimed at. 
Among these, the explanation will first be given of the 
improvement (iil). The improvement (iil) is an improve- 
ment of the peak factor and an improvement of the S/N 
error rate. 

[0064] Figures 6a and 6b are waveform diagrams for 
explaining the improvement of the peak factor Figure 
6a is a waveform diagram of the improvement (iil) ac- 
cording to the present invention and shows the impulse 
responses of preceding and succeeding signals, on the 
other hand, Fig. 6b shows the impulse responses when 
the improvement (iii) is not sought. In both figures, the 
ordinate indicates the amplitude of the signals, while the 
abscissa indicates the time. 

[0065] In Fig. 6a, A shows the wavefomn of the signal 
first output, while B shows the waveform of the signal 
output later after the signal A. Further, the combined 
waveform of the signals A and B is shown by C (same 
for Fig. 6b). 

[0066] The preceding signal A and the succeeding 
signal B are separated by peak position by exactly one 
lattice shown in the figure, but are in phase. Therefore, 
the inter-symbol interference becomes small and a sta- 
ble waveform Is obtained. Further, the peak value of the 
signal tends to decline. That is, if the signal A and the 
signal B become in phase, the peak factor is improved. 
[0067] As opposed to this, in the case of Fig. 6b, the 
peak positions of the signal A and the signal B are the 
same as in Fig. 6a, but the phases become opposite. In 
this case, the Inter-symbol Interference becomes large 
and further the combined waveform C oscillates as il- 
lustrated. Further, the peak value of the combined wave- 
form C tends to increase. 

[0068] Therefore, in the present invention, processing 
is perfonned at the signal point generating circuit 24 of 
Fig. 2 so that the signal points of the preceding and suc- 
ceeding signals become in phase. Due to this, the inter- 
symbol interference is made smaller and the peak factor 
is reduced. 

[0069] Therefore, in the signal point generating circuit 
24, the number of signal points on the signal constella- 
tion coordinate system is increased from the 16 of the 
past to 24 so as to increase the in-phasc components. 
That is, redundancy is given to the signal points of-the 
transmission dataTD. 

[0070] However, the number of signal points increas- 
ing by giving redundancy in the above signal constella- 
tion coordinate system becomes extremely small. This 
is because if the number of signal points is simply in- 
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creased, this would become a new factor generating er- 
ror. 

[0071] Therefore, redundancy is given only when the 
effect of the peak factor would become large. Redun- 
5 dancy is not given when the effect of the peak factor 
would be small. 

[0072] Whatever the case, the peak factor is reduced 
by aligning the phases of the signal points. Along with' 
this, the S/N error rate is also improved. This will be ex- 

10 plained in more specifically below. 

[0073] Figure 7 is a view of the specific configuration 
of the signal point generating circuit in Fig. 2. 
[0074] The signal point generating circuit (SPG) 24 of 
Fig. 2 according to the present invention is one consld- 

15 erably different from the conventional signal point gen- 
erating circuit (SPG) 24' shown In Fig. 4. This new signal 
point generating circuit 24 contributes to the above im- 
provement (iii). The signal point generating circuit 24 is 
mainly comprised of the signal point generation ROM 

20 61 and register 62. 

[0075] The signal point generating circuit 24 of the 
transmission data TD, as shown in Fig. 7, stores the sig- 
nal-point output information of the transmission data TD 
In the register 62 and feeds it back to the address input 

25 of the ROM 61 . Inside the ROM 61 , the signal point to 
be actually transmitted Is selected from the currently in- 
put data and the Information of the signal point of the 
data transmitted in the past (for example, immediately 
before) (held in the register 62) and output to the ROT 

30 25. 

[0076] Therefore, since the signal point is selected so 
that the preceding and succeeding data become as 
close in phase as possible, the phase alignment ex- 
plained In Fig. 6a is achieved and the peak factor is re- 
35 duced. Note that even if aligning the phases of the data 
compulsorily at the transmitting side, it is possible to 
easily reproduce the original data at the receiving side 
(explained later). 

[0077] To enable phase alignment of the data, a signal 
40 constellation unique to the present invention is em- 
ployed in the modem transmitter 2T according to the 
present Invention, in particular, the above ROM 61. 
[0078] Figure 8 is a view of the eye pattern of the sig- 
nal constellation employed in the present invention. 
45 [0079] In the figure, a total of 24 signal points (shown 
by small circles) are arranged on a complex plane co- 
ordinate system (l-Q). 

[0080] The complex plane coordinate system (l-Q) is 
divided into a plurality of square lattices. The signal 

50 points are arranged at the centers of the lattices. In the 
figure, 12 signal points are arranged inside the frame 
enclosed by the bold lines L, while 12 signal points are 
arranged outside of the frame. Four bits of data GOOD to 
1111 are allocated to the 12 signal points inside the 

55 frame and the four signal points AO, A1 , A2, and A3 out- 
side the frame, that is, the total 16 signal points. Further, 
outside the frame, in addition to AO to A3, BO to B3 and 
CO to 03. or a total of eight signal points, are arranged. 
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the register «o Qr^Zn^f ^'^'^ .^^ ^"^ °"fP"t from 
"utpurs. I hat IS, the signal point output from the ROM 

ed the signal point is output from the ROM 6 as ftt 
and applied to the ROT 25 fpia 7\ nnVh 1 
'•ra Signal poin, outside .he Sel se 

£0083] As one example, if assuming that the sional 
point corresponding to the transmission d2a TO ,o bJ 

2"a.poi:tou;utr;:Trm:::£5'^^^^^^ 

Is the " "T" ^"^ ««'«<^eci and u?ed 

as the s,gnal point to be output in this case Note tha^ 
the signal points AO, BO. and CO are arrano^H I T 
P.ex Plane coordinate system .Z::^:Z , 20' 

onSr ''^''"^ *° °ther ' 

[0084] For example, if the signal point of the data Tn 
transmitted in the oact /h*>r« • ', ™ 
f011n^ ir,ti, ^ ^'^^^ "Tin'ediately below) is 

S drncrectff-BO Tsf" ^ 
read from the ROM sTaMhe ;irn«? " '"""'"^ ""'^ 
mission data TD to S t^miSdrt: SnT 
at the receiving side, no matter which of Ao 80 and Co 
IS received, it is always decided that AO is received S 
cornputatK>n is executed by a 24-value DK49 (Ro J 
[0085] Selecting the signal point to give the smaitei; 
square distance with the signal point selected aJi S 
put »T,mediately before in this way, as already expSned 
means aligning the phase of the precedinV, 

the square distance" means the sum of the souarefo; 
the distance X In the first direction (I) between precelo 

secondT P"'"'^ ^"'^ disuance yTn the 

secon, direction (Q) perpendicular to the same.'tha, is 
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IS 



so 



2S 



40 



43 



i^e Signal point ^Mng'^^ J^^^^^^^ 

rooST?' '"T ^"'"'^ -c^undancj^'^'^"'^" 
increased ?r . '^^^ ^^me are 

Therefore' tL^'n 'T''''"" ^"^^^y becomes larger 

sS b^kep, as small '"'""'^ '° 

wuiu Kepi as small as possible 

[0088] The above example was explained with refer- 



so 



ss 



ence to AO. BO. and CO. but when A1 is inn.rt «, ■ 
point is selected from A1 81^^^. ^ ' ^ ^'9"^' 
smallest square distance w^hth^ f '° ^ive the 

mediate^LorelfmTaTwTer/Sfe^^^^^^^^^ 
point is selected from A2 82 and C2 - 
minimum square distanoeT^lif ?<: *° ^'"^ 

^mmediately^eflf wh e i*:: J^' ['^J' -^put 
point is selected from A3 83 and ^ ' 
minim., m snuar^. ' ®° *° "ive the 

immediaterbeL -tP"' 
[0089] At the receiving side, no matter which of fAI 

11^2" d^ta is decS as A ' 

Similarly, no matter which of (A2 B2 ro^ T ' 

the received data is decided as Ap fn^ ' 
o.^. B3. C. is receive??h: r~ 

probabili, of a i^:^Z"^::^^:^::^ 

selected is reduced to one third Therefore hi ^ 
power energy is reduced, the beak S T'^^^ 
and the S/N error rate is improved 
[0091] The signal constellation of Pin « io « 

ft. <!/M .^/^ '"^ '"e V.29 of Fta 9 

using actual numerical values explained next 

Sgth?:~e:;^^^^^^^^ 

ing to the present inl"^n':'°"°'"^"^'P°'"*^^--''- 
[0097] In the figure the nroe^«+ -rr^ • 
of the transmission dma™'!? '^ ^ "'9"^' P°'"t 
(Fig. 7). AS explaine?abovr:I:?:!*''/^^«° 
the present TD is inside me f^e /F.a t,^ 
point is sent to the receiving side as it fs ,0 on 
point present outside of the ran^! 1 d.! , 
present TD shown in Flo 10 Th^^! '^^^'^^'^^^^ t^e 
CO) to (A3. 83, 03) ' '^^^^ 

[0098] -niepreviousTDisshownattheleftendofFig. 
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10. The previous TO is iho signal point output from the 
ROM 61 before the inpLt of Iho present TD is input (one 
of 24 values) anc is lonporarily held in the register 62 
(Fig 8) 

[0099] For example when no signal point AO is input 
as the prcscni TD the signal point of !hc previous TD 
al that time is considered lo be (0000) in this case, the 
scuaro distance (x-«y-' oi the signnl poiri (0000) with 
AO is 2 the square distance w ih BO iS 9 and the square 
distance wiih CO is 9 As a -csuil AO giving the smallest 
square distance with respect to the signal point (0000) 
is selected at the ROM 61 and sent to the receiving side. 
[0100] Looking al Iho abDvc scua^c distance (x^+y^), 
as shown in Fig 8 x - (0000) • (0001) 1 fronn the 
signal point (0000) lo Ihc sigrni point AO tncrclore y = 
(0001) — (0011) V so x-* y- IS J-umcr trom the 
signal point (0000) 10 Ihe signal point Bu n (OOOC) ^ 
(0100) — (0110) — BO - 3 trerctorc y 0 mo change 
in y-direclion). SO x'^* y*^ - 9 

[0101] The square distrtncci* i>tiuw' i'- P«g 10 are 
computed in accordance with the sign,<t ccnstciiaiion of 
Fig. 8 in advance Tnc results o' mc co'^c>ui-ii»ons arc 
stored in advance in the ROM 61 Thccto'c itihcsjgnni 
points ol the present TD and the prcvicuc TO arc given 
to the ROM 61 as addresses mo ROM 6^ c.<n mstan- 
taneously read the signal pomi givmg :rio toast square 
distance. 

[0102] As explained above if a 51190,41 m of Ihc data 
TD lo be transmitted (in pariicjla- a signni po»n! oulside 
the frame) is selected, the in-phase coTtooncnts of the 
preceding and succeeding signal aonis arc empha- 
sized. As a result, the energy nonr iho carrier Ircquoncy 
increases. 

[0103] Figure 11 is a view of the spectrum m the slate 
where the energy near the earner trcquoncy increases. 
The abscissa indicates the frequency ^^hl^c the ordinate 
indicates the energy 

[0104] When the carrier frecuency is 1 650 H/ the en- 
ergy of the portion of the +400/ -400 H/ band (1250 Hz 
to 2050 H/) increases with rcspccl Ic trie earner fre- 
quency. Thai is. if the baud rate is 2400 Baud as shown 
in Fig. 8. since the signal points of A B and C are ar- 
ranged al 120** intervals from each oinor :ncre is a de* 
ticciion width ol +60"/-60". This corresponas lo the 
above 4 400/-400 H? (2400*6) 

[0105] Figure 12 is a view of the spxrt um atier the 
speclruniof Fig. 11 passes Itirough Uic lii.c» {DE) 29 
[0106] The transmission signal in trie mocorr trans- 
mitter 2T (Fig. 2) passes through the decmphasis filter 
(DE) 29 with the spectrum shown ;n Pig 11 With the 
spectrum shown in Fig. 11 as it is. however :hc output 
from the filter 29 ends up in the stale shown »n Fig. 12. 
To prevent this, in the present invoriion « -400 Hz fre- 
quency shift is applied lo the ouipu: of mo signal point 
generating circuit 24 (Fig. 2) by a frequency &hif:er and 
shifts the energy of transmission 10 inr low t^nnd side 
[0107] Figure 13 is a view of an example of a frequon- 
cy shifter. For example, this can be roa i/cd as a vector 



multiplier using a DSP. This is a circuit which multiplies 
a -400 Hz carrier with the digital baseband signal and 
obtains a frequency shifted output (OUT). This frequen- 
cy shifter 35 may for example be provided at the ROT 

5 25 as shown in Fig, 2. 

[0108] Figure 14 is a view of the spectrum when ap- 
plying a frequency shift to the spectrum of Fig. 11. 
Therefore, the portion where the energy increases shifts 
to the 850 Hz to 1650 Hz band. The signal having the 

10 spectrum shown in Fig. 14 is passed through the deem- 
phasis fitter 29. 

[0109] Figure 15 is a view of a spectrum when a fre- 
quency shifted signal passes through the filter 29. 
[0110] Next, an explanation will be given of the im- 

15 provement (ii) among the three above improvements 
aimed at In the present invention. The Improvement (il) 
is the mounting of the deemphasis filter (DE) In the mo- 
dem transmitter 2T and the mounting of the emphasis 
filler (EMP) 41 In the modem receiver 2R. 

20 [0111] As shown in Fig. 2, after the modulator (MOD), 
a deemphasis filter (DE) 29 having inverse characteris- 
tics from the filter characteristics of the preemphasis fil- 
ter 11 . of the radio transmitter 1T is inserted. 
[01 12] Figure 1 6 is a view of the characteristics of the 

25 deemphasis filter and the emphasis filter in the modem 
of the present invention. The deemphasis filter 29 ac- 
cording to the present invention has inverse character- 
istics from the characteristics of the preemphasis filter 
11 of the radio transmitter 1T (Fig. 21) In the range of 

30 1 .0 kHz to 3.0 kHz. In the range of 0.3 kHz to 1 .0 kHz, 
however, the characteristics become flat <F>. This Is be- 
cause there Is an upper limit in the signal, level able to 
be input to the preemphasis filter 11 of the radio trans- 
mitter 1 T and if the inverse characteristics of the preem- 

35 phasis characteristics <11> shown in Fig. 21 are given 
over the entire band range, the level of the signal in the 
low band would become particularly excessive. This is 
to prevent it. 

[0113] By using the deemphasis filter 29 for the mo- 
-to dem transmitter 2T, it is possible to maximize the input 
signal to the radio transmitter IT (transmission level of 
modem). 

[0114] As explained In Fig. 3, in the modem receiver 
2R of the present invention, an emphasis filter (EMP) 

'*5 41 having Inverse characteristics from the characteris- 
tics of the deemphasis filter 32 of the radio receiver 1 R 
is provided before the demodulator (DEM) 42. The char- 
acteristics of the deemphasis filter of the radio receiver 
1 R are shown by <32> in Fig. 21 , while the characteris- 

50 tics of the emphasis filter (41 ) of the modem receiver 2R 
are shown as <41> in Fig. 16. 

[0115] The emphasis fitter 41 of the modem receiver 
2R according to the present invention, like the deem- 
phasis filter 29 of the modem transmitter 2T and as 
55 shown In Fig. 16, has flat characteristics <F> for the 
band of 0.3 kHz to 1 ,0 kHz. 

[0116] By using such an emphasis filter 41 , it Is pos- 
sible to return the signal before demodulation (DEM) at 
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J^?nT»?T ^^'^^'"^^^^R to a signal having the original 

foil 7] Next, an explanation will be given of the im 

zation Of the carri;;;:;IS:r~^^'"^"' " 

tin!,^?». '''^"'^ ^^^^ explaining the optimiza 
jonof^thecarnerfreguencyaccording^ 

^onshows^ 

and the bottom section shows the carrier frequency and 

loizo] The transmission band of the V20 mr.H»„ 
shown in the top section is 0.3 ,0 3 1 kHz On Ha iT 

£0121] On the other hand, the transmission band of 

10122] Therefore, in both the top section anri th« k , 
torn section, the center frequencies ^ndT. f ^ 
sion ba nds do not match eac'h cZ'sZlZ'Z;, 
the modem transmitter 2T according to the p^esenn? 
vention, the transmission signal is modulated anS trans 
mitted to the radio transmitter 1T bv a ca^rtr l ? , 
lesOHzoutputfromthecarnerglntlTS^^^ 

5 700 Hz ca"n^iV'''' ^ ^-^^ by -making the 

1 700 Hz camerfrequency the 1 650 Hz centerfrequencv 
of the narrow band radio, it is possible to match the cent 

iTio3 kSz3hT bands, it is 0.27 

to 3.03 kHz with the modem of the present invention 
The transmission band ends up protrudlna fr^r^ fh« 
ransmission band of a narrow band radio?o.3 to 3 00 

extent r ' ° ' "^"^^ A deviation Of this 
extent, however, does not obstruct practical data ^rpn^f 
m.ss.o n,uch. What is import^t S 13^: ch 
ine carrier frequencies. •••an.n 
[0125] With the modem receiver 2R, converselv thp 
received signal of the center frequencJ ofTsM hI ^ 
put from the radio receiver 1R?s de^du ffed bv t e 

ed to the low band at the transmission side is restored 

r^Treirsj^r ^ — 

the effects of the improvements (i) fii^ 
roboSer"''"^ '° ''^^^^"^ -ill^^ c2: 



18 



roi9«f A ? '''^ P'^^^"t invention. 
S. intntn^ ^i-o^^itlrma.^^^^^^^^^ *° ^'^^ 

^ dem, Which hadbeej!;:5':ssT:rdL5 sSr; 

can sometimes be improved o 1 0 0 dB 1^ ^"'^ 

the past to 21.0 dB and the peak factor from 5.0 dS to 
f°;29J NotethatinthepresentinventiontheROTunit 

2ns;:;r2TS;in""" 

sis nnT^T '''^ '"^^"^^ 47 or empha- 

sis unit 41 IS provided the modem receiver ?R Thl 

- a rS^o ---^ersTc nnecS: 

a radio for general voice transmission to a modem Ar 

eTS'crtLnr ' °^ ''^^^'^^ ^nvent'thi:: 
tilZfl " "° P3"teular reason why these 

characterizing portions (25 29 41 anrt^y^K 
provided in the modems (2V 2 R) ^ '° - 

o^l?^ nothing stopping usino a 

general configuration modem as the morion, L ^ 

to the radio and providing a ROT u^l^t ''T'' 
unit 47 at the radk> (1 T 1 Rl s/d; "'^'^^ 

^131] Note that when transmitting an audio sional it 
-s necessary to provide a preemphasfe circui^Lnd deem 

redundancy to the set of <.inZi "^^^'"'^es (111) giving 
amount of deviation tiZH ' ""n'mizing the 
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[0134] At this time, the present invention has one of 
Its features the provision of a ROM. computing the 
amount of deviation among all signal points and storing 
the results of the computation In the ROM, reading out 
from the ROM and holding the output temporarily In a 5 
register feeding this back to the input of the ROM as an 
address, and automatically selecting the signal point of 
the minimum amount of deviation. 
[0135] The present invention has as one of its fea- 
tures (ii) giving the modem filter characteristics for com- io 
pensating for the characteristics of the radio so as to 
give frequency characteristics optimized for data trans- 
mission using a radio. 

[01 36] Further. It has as its feature (iv) to apply vector 
multiplication to the transmitting baseband signal to con- 15 
centrate the transmission energy at the low band or ap- 
ply vector multiplication to the received baseband signal 
to restore the energy shifted to the low band at the trans- 
mitUng side lo the original spectrum. 

[0137] Still further, the present invention has as one 20 
of its features (i) matching the demodulated carrier fre- 
quency of the modem with the center frequency of the 
transmission band of the radio. 

[0138] Further, the present invention realizes a meth- 
od of signal-point generation able to add redundancy to ^5 
signal points to minimize the amount of deviation be- 
tween signal points and to minimize the peak factor 
[0139] As explained above, according to the present 
invention, it becomes possible to minimize the peak fac- 
tor of a modem. Further, it becomes possible to improve 30 
the S/N error rate. Due to this, it is possible to broaden 
the dynamic range at the time of over 9600 bps high 
speed data transmission in a radio transmission path 
without a change of the characteristics of the radio, it is 
possible to secure a sufficient operating margin even if 35 
considering fading and becomes possible to achieve a 
practical system under conditions of the same level as 
those for 1200 bps. 

40 

Claims 

1. A transmission apparatus to which another trans- 
mission apparatus provided with a preemphasis fil- 
ter is connected, 

said transmission apparatus provided with a 
deemphasis filler having inverse characlerislics 
from the characteristics of the preemphasis filter. 

2. A transmission apparatus to which another trans- 50 
mission apparatus having a deemphasis filter and 
outputting data received from a transmission path 
through the deemphasis filter and receiving data 
output from said other transmission apparatus, 

said transmission apparatus provided with an 55 
emphasis filter having inverse characteristics of 
said deemphasis filter. 



3. A transmission apparatus provided with: 

a means for matching a transmission signal 
having a first center frequency with a second 
center frequency different from the first center 
frequency and 

a means for demodulating a signal output from 

said frequency moving means by a carrier sig- 
nal having a frequency equal to the second 
center frequency. 

4. A transmission apparatus provided with: 

a means for demodulating a transmission sig- 
nal having a first center frequency by a carrier 
signal having a frequency the same as the first 
center frequency and 

a means for matching a center frequency of a 
signal output from said demodulating means a 
second center frequency different from the first 
center frequency. 

5. A transmission apparatus provided with; 

a means for sequentially transmitting signal 
points of data input at a transmitting side to a 
receiving side and 

a means for selecting said signal points so that 
in-phase components of preceding and suc- 
ceeding signal points are emphasized. 

6. A transmission apparatus as set forth in claim 5, 
wherein said selecting means further includes a 
ROM for storing an amount of deviation among sig- 
nal points obtained in advance by computation. 

7. A transmission apparatus as set forth in claim 6, fur- 
ther including a register for temporarily holding a 
preceding signal point read from said ROM and 
reading from said ROM by an address comprised 
of a pair of currently input data and said preceding 
signal point. 

8. A transmission apparatus as set forth in claim 1 , fur- 
ther including a frequency shift means for concen- 
trating the transmission energy at a low band side 
of the transmission band. 

9. A transmission apparatus as set forth in claim 2, fur- 
ther including a frequency shift means for shifting 
the transmission energy of a low band side of the 
transmission band to a high band side. 

10. A transmission apparatus as set forth in claim 1, 
wherein said deemphasis filter creates said inverse 
characteristics at the high band side of the trans- 
mission band and maintains flat characteristics at 
the low band side of the transmission band. 
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11- A transmission ^pparmus as set forth in Oaim ? 

charac.on.i,cs iho n,gn band side of the trans 
mission band and ma ni?inc iia, ^h, . ®" 
inc iniA, h -r,H . , ' charactenst cs at 

lie ,ow b„nd S.CC cf .ho lransm.ss.on band. 

12. A method of s,pnH|.pon, goncrat.on for generatina 
Signal points corrcspo.dng to input data ^ 

said^mcthod o, s.gn.,.poin, generation com- 

SrelTn ' " "^"^^'^ates 
corresponding jo mc input dat.^ 

output in the past and cacn of the DiuralL «f 
s-gnal point candidates and ^ °^ 

outpuning the s.pr., po,n, candidate q.vinq the 
mtnimum catcutatcd o,...ce as th'e st'gna! 

Claim 12. further comprising 

Classifying ,bc sign.., po.r,. .„,o , ,.g„^, 
points and second siqn.l po.n,. ' 
outpuning a first signal pent « .s when the 
.nput data corresponds to ,t,o,irs, signal poln. 
selecting a pturat.ry ot ...jjnal pom, candidates 

rSn:;r:~:^^^ - 

OU.PUI Signal pom. ^rd^rS^^ 
spends to a second siqrai point 

14. A method of signal-po.nt generation comprisma de 
f-n.ng a signal constel.at.en having a tota of S?^" 

slgnaTp^^J'^ite s d^c-r t'o r""^"'^^ '° 
ou.pu.ting signal pointsfrsTdrs^eSn^"'' 
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